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The U.S. Department of Enerpy,..Petroleum consulting
S4rvices, Universal Well services, and canadian
Fracmaster have recently perforrqedeight co,/sand
stimulations on fcq Devonian Shale gas wells in the
APPal.chian Basin. Four.two-stage ‘c027sandstimula-
tions were execmted with two operatora i> the Pike
~d ~=t in COUntY,.!%n.tuckyarea. All..stimulations
Involved 120 tons of carbon.dioxide (coaland UP to ----
47,500 pounds of sand. :In:addition,..there are eleva.
existing cent.roLwells stirntilate,gwith fo”urttii.-stage
foam frats and seven tw-s tage nitrogen fre.cs. Px-c.-
duction results from these fifteen w.1.2.are compared.
After nine months of produ. cion, q/sad fra.~ure~
“.1 1s in the Pike county, Kentucky st“dy area are
nearly twice.as productive,as.nftrogen gas fraced
W@ 1s and n-rly fliret ime~ better...thanthe fcam
fraced wells in the st@y group. The per well incre-
mental gas Dr.aduc tion aft.e+riinemonths ranged “fron
13.5-2-2.2:MMcf per @l. f,%..nLtrogen gas tindfoan
fraced wells, respectively. ,.Discussion of the CGI
swd t:eatment parame:ers, Iob execution, and a ,aPxa-
sentatlve pressu-e/inlecti,onresponse a-r.discussed in
detail. AS the operators.hi?ginto utilize the Co,/,,
sand f rac process ml more “ells, the nm ~~irnul~~ion
pro.c.?ss “il 1 become commercially aVaiI-~l& on a
routcne basis.

SACIU?RO~/E1 STORY

..=,... .= ,-.+
Referen.es and illustrations at”end o; paper

$evelopnient testing and demonstration program to
zntroduce the Co,lsand frac pXOCeSS W, ~a, “e~~
QPerators in the U.S. The stim.ulation testing was
initiated with a 24-well stimulations planned in the
eastern U.S. T+a paper focuses on the results of
fO= 2-sca9e stwlations. Future plans include the
testing anclintroduction of the CO,/sand frac process
to the westexn U.S. gas well opezato. s beginning tilis
fall with ah 18-well tn-~ -.--ram in the Rockies.
Early results of the f--–- ----
eve.rperformed in +e eastern “.s. shO” Up to an
4.S fold increase In production in the Pike county,
Kentucb> .tudy area’”. GaS wall operators ~ easttin
Kentucw recognized the pr.ad”ctionbenefits of the CO.,
process,> and are considering stimulation of additional
wells. Recent technological adva
..t ion prc!ced”resand d.sipn and C,p.I-ation,
closed system blender have Tecqntly been do<
Industqy advances in d . .
equiixmentmodifi.cation for highex
have iwroved delive~ of CO, and imprc
efficiency ._.Rec6nt data from Canadian
indicate that aDDsmd.matelv 1.000 Stiml

mces in the job exe.
of the
Cumentedlz.

ien,i t“ measurernen& and ~IeDder
c sand ccmcentrations

oved overa11
: Fracmaster
,ulationshave

been performed ~~ oil and $a;”wells in canada since
1982.
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area was further ,deXineated into 7 and 8-well “groups
which contained cOJs”afid,nitxooen ‘ifas,and nitr09en
fmrn stimulated wells. (Table 1). Analysis of produc-
tion performance was made fo.GrouP 1, 2, amf a com-
posite OL tie entire study area...-

D1SCUSS1ON .,

stimulat~on Tseatmen?%.

There were three types of stimulation.treatments
involved in the study.. ..Fourwells weze.stimulated
with CO,/sand, seven with.nit~!?ti.en,.snLfour with
nitrogen foam. The distri~gtio.nwithin”_:che$WO groups
is indicated in .T.aMe.2..

Co,/Sand

A1l 15 “ells were stimulated yith two ““stagesacross
the eatire Devonian S.ha.le.Lnterval to”Provide a cormon
basis for comparison:’ The selected .CO,lsandcandidate
well locations were ciose to wells with other trees of
stimulation to.provide a..comparisonof production
responses between COi/San& treatments witb those from
other stimulation types. The CoZ/sand stimulations in
all four involved 120 tons of CO, per stage:$d up to
47,500 pouridso~”sand.

One of the fQu.r...wel.ls,.CX.379<.di.Ef.e&e8signif.icantry..
from the othec fourteen wells in the study area
group because of the aDP=ent high stress state
which resulted in high breakdowo and treating pres-
sures, limited abi~ity t~”increase sazidconcentration,
and later.associated liquid prodwtion. The first
stage treatment was aborted, and the interval was
re-perforated “ith fresh acid which was subsequently
swabbed and replaced with another volume of fre:sh
acid prior .toxc-initiating the first.stage treatment,
The second atten’mtat creating the first stage also
eweraenced hzgh tr.eatin9Pressures, which limited
the rate and sand volume These behaviors were non- ==
typical and considered .tobe the result of an anmna-
10US geologic environment. .The second stage responded
similarly and a reduced sand Voluine“as placed.

Sand volumes ranged from 35,000!47,500 =ouridsfor the
other six treatment stages (three twells) - averaging
43,300 poun~s ‘pei sta–ge. “IlaiimumPUW rates ranged
fr-on44.6.to 53.5.harrels_per minute, a“eraqinq
50.7......The pad.volumes “ere all 10.0.barreIe (19.2T];
and the average sand .c.oncentrations ranged from 2.0
to .2.9.pound..per ‘gallon.:The maximum sand concentra-
tions ranged from 4.0 to 5.2 pounds per gallon, aver-
aging 4.7. The treatment spec,ifics are Pres.ate.d. i?.
Table?, 3, 4, arxf5. .:-...

The maximum sand concentration was limited hy the
blender,s mechanical..tiapabil.ity.Because”of th%. ..._.=.
unique 10” stress envirorxnentof the De”onian Shale .
in the test area, the maximum sand concentration could
have been greater. The e~iment-lirn%te~-mximm sand
concentrations oF ..5.2pounds per gallon were realized
at pump rates of 55 barrels Der.minute.

A pressure injec.tionhistory “with the associated .=@
concentration that is tnical for.the treatments for
the last few stages is shown in l$ifire~, It.:$s rep-
resentative for the state-of-the-art practices for the
co;/sand proce-ssfor.the Devonian ShaIe within the
test area. .-..

Nitrcaen Gas

The nitrogen treatments mre all executed at 100 I.lscf
Per minute with a to-l Of 1.0 miif per stage. There
was no pr.oppantconveyed. —

fJitmwn Foam

The nitrogen foam treatments ranged from 75 to gO “ ..“,..7
quality and from 50,000 to 120,0.00.pounds of sand were
placed.

PRODI3CTIONCOUPASISOW. .a.

The fourt”o-stage co,l$md stimulated wel;s .:avmeb?+” .: :
OD p=ok. tion for 9 months. Cumulative pr.duc.t,?n
from Groups 1 and 2 ‘wells as identifies in Figure 1
are compared on.:.an.ind.%yidua.l9roup basis as well.as a
cormxosi~ebasis .

For Group ~ ..wells,individual cumulative w“ellproduc.- :.~:
tion by stimulation t~e are presented iii“Figures 3,
.+, @,>,. ,A_TgrnQOS?te.?C.?ro!p .I..w?I;s.::s.p~y>~~d Z?
F:gure 6. Cornptiisonof the data for COJsand, n=tro.- .
gen gas, and nitrogen “foam Fracs shows .& average
cumulative production after 9 months for COJsand at -..
41.5 MMcf, nitrogen gas at 19.2 h!l.fcf,and nitrogen
foam at 6.1 fa.!cf.More than t“o-fol.dimprovement Eor
the Coj[sand resulted when compared to nitrogen gas
and a nearlv Se”en-fold increase resulted “hen com-
pared to ni;rogen foam.

For Group 2, fiidividtialcumulativk profiucti.onplots
bY .timulatio%tme are pie.e~ted,in Fitires ‘7,B, ~*+
91..6 cxompmwte,c!f Group 2 wells 2s provided in Fig- .
ure 10... Canparlson of .CO,/sand, nitrogen gas, and
nitrogen foam curnulatiw production shows an a“era.ge
cumulative production after 9 months for. CO,/s~d a:,
14.3 lmcf, nitrogen gas at 10.8 m-cf,” amd nitrogen
foam at 5.4 mcf. The average cumdative production
for the C02/sand fracefl.“elis is strongly ..affectkd
by wellbore Cluids restricting production <n well..
NO. .FH173. .The ~Der.atc+rplans.a w.rkover.soon. How-..
ever, the combined average cgrnulativeprodacti”onfor
Co,lsind wells remains ’32percent higher than the
nitrogen fra.ed wells aid nearly two and a bal.ftimes
better than the nltrog:: foani fraced wells. P:oduc:
tion statistics are summarized in Table 6 for Gxows 1
and 2. The descending order relative.ranking of CO,I
sand. nitroaen was. and nitroaen Eoam treatments “as
consistent ~or 6XOUP 1, Group”2, and the .c.omposite.~.

Fuxther analysis of cumulative prodwtion in al<, .,,.
15 study area “ells is presented in Figure 11,..Awr-.:
age cunwlative 9-months production for CO,/sand,
nitrogen gas, and nitrogen foim frats “ere 27-.9,“14.4,.
and 5.7 MMcf per well, respectively. :-OveFa.lr‘c-tila-
tive pro%ucti.oniinprovementratios for the 15 well
study area was 1;9,for cozpi~ versus nitr09en :tias
and .4.9for COJ sand versus nitrogen fo%. Incre,
rnen%argas production’was 13.5 and 22.2 MMcf, respec-
tively. With this incremental pnoduc.tion, the i“fire-.
mental cost of using C.Tllkandfracs is Raid out in
less than 9 months. Statis-tikal-dataon.cumulative
production is presented in ‘Table 7.

CONCLUS1OXS

1.

2.

3.

.—

Aft,r 9 months of.production, Co,l.and fra”cttir”ed”” ..
welIs in the Pike‘CQtity, Kentucky, sttidyarea
p~oduied 1.9.times more gas,than nitrmgen gas
treated “ells and produce 13..5..hlldcfadditional
g~s per _well.

After 9 montfi-of ‘protection, CO,/s.andfraccfired
“ells in the Pike County.,Kentucky, study...+re?~..
produced 4.9 times more gas than nitrogen foam
.treate+.“.11s S@ pro.du.ed..22.2IIMc:fad!di.t”i.oii+,,;’
gas per “51>.

FOX the Pike county, Kentucky, studJ...are,.,Pro-
sm.m.WYOUt times..f.or.:<:h.eincremental cot of
CO JsancTstitil-atzon.s less than 9 months.
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4. Both groups of wells ii!”the Pike County,
Kentucky, study,area show consistent relative
production improvements corrsaredto the overa<l
study area results.
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ID Well ‘Completion. ..—._---- -
Group 1

1 PI C02/Sand-455/475 SXS
2 S30 N2 - WIOSand
3 829 N2 - WIOSand
4 S27 N2 Foam - 500/500 SXS
5 S28 N2 Foam -740f100SXS

6 S31 C021Sand - 420/460 SXS
7 SB3 N2-w/o Sand

Group 2

8.. R5
9 V14

10 V15
11 FH180
12 FHI 79
13 FH177
14 T45
15 T42

PikO co., X.nt”.ky

N2 - w/o Sand
N~ - w/o Sand

Nz - w/o Sand
N2 - w/o Sand
C02/Sand - 56/298 SXS

C02/Ssnd - 435/350 SXS
N2 Foam - 1220/1220 SXS
N2 Foam - 1220/1285 SXS

—

.—

..J . ...,. . . .,.
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TASLE 1
Study Area Well Identification

Group 1 Group 2
311mulaNon

TYF+ wells Number Wells Number

Cczlsand S31,PI
*.

FH177,FH179 2

Nz Gas S29,S03. S30 3 R5.V14& 15,FH180 4

N2 Foam 327,228 ; T42&45 2
.

. .-

CC2/Smd 2 2 4 120Tons C02 w/45,2cc I& sand

Nz Gas 347 l, OCO,CWN ft”lil lb, Sand

NZ Foam 2 24 75 -93qW74-50,0001012b.CaO
Ibssand _. .

15Wells

TABLE 3
CO,/San3 Treatment summary

Group1 GrouD2

2s1 P1 FH177 FH179

COZ (Tons) 120/120 120/120 120/120 70/120

Sand(MLb) 42/46 4s/42 47/25 7/20

Rate [6PM) 44/35 42/2s 45/29 25/30

SC (PPG) 2.9/2.6 2.7/2,8 2.6/2.0 1.4/1.7

9MO (MMdI 60.3 22;7 21.0 7,5

. .
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TABLE 4
stimulation Svnunary

Second Stage

S-31 Prather #1

First Stage

Well S-31 Prather #1

COm. Fwa!KY
‘&ti5% E’4819

FwiKY Ma&i
Pqmit # 84819
El.” Gt 930 1035 930 IC05
Tat DPIIX 3658 3673 2s56 3673

P.+.
~r ~~ 23: 33E 272; 2A

3552 3534 2805 2323

I“lelvdk 171 202 i 01 144

Add (Galfi
c% BBI*>

$( C@

Pad (86LS]
SL (B!3LS)
Flush(BBS)

400 4C0
571 571
120 120

.500
571
120

.:: : . . :;; .!O? . .. ...-.
417

47 48 44
—. .- .

531 543 563

420 455 460

.100
377

‘Gii
475.

PUP(BBLSX

Sam (Sxs)

Net (;$):
2w0 20/40 20/40 20/40

Rate (8PM) Avg 43.8 47,7

%a%’bwfli, %J .2 ; ; “.: %:

TABLE 5
Stimulation summary

First Stage Second Stage

Well FH 179 FH 177 FH 179 FH 177

COI.ST
Pemi! t

F’ikem’ WkeiKY me,KY P*WUY
84574 S4498

Tot WI
34574 S4498

39C4 4041 3W4 4c4i

Peti
Top 35%
Ba

36;: Z& 282
3s70 3392 31S2 322.5

—

[ntewak 370 276 339 . 340

SCM
571
120

%
120

PWJ(BBLS!
SL(BBLS)
FIWIIiBBLSk

PMP(RBIS):

y.. ,= 102 ;:”
421

50 48 41

G. 571 562

sand (SXS+
,3..

4s5 3C0

Net (;::/:
20/40 ., ~/40,.. . 20/40 20/40

R.!. [8PM] Avg 25.0
Press (w) .4” :2Snd Con, (PP ) Avg.

3512
1.4

:2:
2.s

30.0
3350

1.7

29,0
394

2.0
—
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TABLE 6
Cumulative Gas–Pr@uctiori” (@&f)””

(9 months)

RESPONSE TO CO,/SAND FPACTUSING , A CASE ST(IDY SPE 29191

TASLE 7
Gas Puaduction Comparisons - 9 !ionths

Pike Co., KY

Stimulation
Type Mln Msx Avg Combined Average

L3roup 1 2 (MM.f pa Well)
Group 1

C02/Sand 22.7 60.3 41,5
C@/Sand 41,5 14.2 27.9

N2 Gas 9.9 3s.7 19.2

N2 Fosm 5.8 6.4 6.1

Group 2

C02/Sand

N2Gas

N2 Fosm

7.5. 21,0 14.3

S.7. . 16.6 10.8

4.6 6.i 5.4

NZ Gas 19.2 10.8 14.4

NZFoam 8,1 5.4 5.7

IncrementalGas
BenefitRatio (MMcf)

m2/sa.d: N2 Qas 1.9 13,5

COzMnd: NZFoam 4.9 222

AYOSTW41014
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